The ultra-thin stainless steel sheet will be used in flexible displays for substrate material. The application of the substrate requires its surface very smooth, no defects and damage free. Chemical mechanical polishing (CMP) has been considered as a practical and irreplaceable planarization technology in the ultra precision machining of the flexible display substrate. In chemical mechanical polishing of ultra-thin stainless steel, the oxidant of polishing slurry has an important influence on the material removal rate (MRR). In this paper, the influences of oxidant in slurry on MRR and surface roughness had been studied in CMP of ultra-thin 304 stainless steel based on alumina (Al 2 O 3 ) abrasive. The research results show that the oxidant of the hydrogen peroxide and the oxalic acid have the interaction in CMP 304 stainless steel and when using the only one oxidant in polishing slurry, the hydrogen peroxide or oxalic acid, the MRR is less than the maximum. The oxalic acid can provide a strong acidic environment to ensure the stability of the hydrogen peroxide in polishing slurry and to improve the MRR in CMP 304 stainless steel. The research results can provide the reference for studying the slurry in CMP of ultra-thin stainless steel.
Introduction
In recent years, compared with LCD, OLED flat-panel display and plasma display, the advantages of flexible displays have become increasingly prominent, because of its ultra-thin, light weight, durable, large storage capacity, the design freedom, crooked, winded and impact resistance and other properties [1] [2] .
In the flexible display device, the flexible substrate is the basis of the research and development of flexible display [3] [4] . Nowadays, the glass and polymer have been taken as the substrate of the display device. As the flexible substrate, the glass and polymer have many shortcomings, such as easy fragile and poor resistance to bending. But to metal material, such as stainless steel, they have many advantages as the flexible substrate, such as high temperature resistance, good water resistance, oxygen resistance performance, low cost and easy to obtain and electrostatic effect, so it is currently used in flexible displays for substrate material [4] [5] [6] [7] . The application of ultra-thin stainless steel sheet requires its surface very smooth, no defects and damage free [8] .
Chemical mechanical polishing (CMP) technology has been developed from 1960's. Now, it has been used in IC manufacturing and ultra precision machining of hard and brittle materials. The schematic of CMP system sees Fig.1 [9] . In recent years, our research group has done some test researches in lapping and CMP the flexible display substrate of 304 stainless steel sheet. This test result shows that the CMP technology can be fully used in stainless steel sheet to obtain the surface with super smooth and damage free. But in CMP process, the polishing slurry has an important effect on the surface quality and material removal rate (MRR).
The CMP slurry consists of DI water, abrasive, pH regulator, oxidant, dispersant and other additives. In order to quickly form an oxide film weakened on the polishing surface in the process of CMP, oxidant is often added in the CMP slurry. The oxidant in the slurry can form the oxide film on the substrate surface and removed easily at the subsequent mechanical action. Combined with the chemical action of oxidant and the mechanical action of abrasive, the surface with high quality and global smooth can be achieved. So, the oxidant in slurry plays an important role in CMP process. Fig.1 The schematic of CMP system In this paper, the influences of composite oxidant of the hydrogen peroxide and the oxalic acid in slurry on MRR and surface roughness have been studied in CMP of ultra-thin 304 stainless steel based on alumina (Al 2 O 3 ) abrasive by experiment. The research results show that the oxidant of the hydrogen peroxide and the oxalic acid have the interaction in CMP 304 stainless steel. It can be obtained the maximum MRR in CMP 304 stainless steel using slurry with appropriate content of the hydrogen peroxide and the oxalic acid. The research results can provide the reference for studying the slurry in CMP of ultra-thin stainless steel.
Experimental procedure
Sample preparation and experimental conditions. The experimental samples were some ultra-thin stainless steel pieces with 60mm in diameter. Before experiment, the samples were bonded on the carrier of stainless steel using the paraffin and the carrier diameter is Φ115mm. Each carrier sticks one sample. The sample before polishing will be lapped with ultra precision and the surface roughness of the each sample must reach about Ra45nm detected by SW1510MS 3D surface profiler produced by Taiwan.
The CMP experiments were done in our super clean room with class 1000. In CMP process, the room temperature will be controlled at about 22°C. The experimental equipment used in CMP process is the ZYP300 type polishing machine produced by Shenyang Kejing. The polishing pads made by the polyurethane material were selected in all these CMP experiments. Before each experiment, polishing slurry for 500ml was made up by the ingredient designed by our research group. The water used in all experiment is the DI water with the electrical resistivity 18.24MΩ•cm. The high precision balance with the accuracy 0.01mg will be used to weigh the weight of each sample before and after CMP. After each experiment, the MRR will be calculated by the formula according to weight difference of the sample before and after CMP. Experimental parameters. Before each polishing experiment, these polishing pads need to be conditioned for 10min using a diamond conditioner. The flow rate of the polishing slurry was controlled at about 15ml/min in CMP process. In the CMP process, the carrier rotational speed was wet at n w =60r/min, the swing of reciprocating motion of the carrier was set 20mm, the frequency of reciprocating motion was set 10s, the centre distance between the polishing pad and the carrier was set 80mm, the platen rotational speed was set at n p =60r/min, the polishing pressure was set at P=2psi and the polishing time was set 15min in each experiment. Slurry ingredient. According to the former research, the orthogonal design method and based on the composite oxidant of the hydrogen peroxide and the oxalic acid, the orthogonal design experiments of CMP had been conducted with alumina abrasive taking material removal rate (MRR) as the optimizing target. The basic slurry composition of CMP 304 stainless steel had been obtained, shown in Table 1 . Then, according to the basic slurry composition, the influence of the slurry ingredients on material removal rate (MRR) and surface roughness had been done by changing a certain parameter. 
Experimental results and discussion
The influence of the oxidant type on MRR and surface roughness. In order to study the influence of the oxidant type on MRR and surface roughness, according to Table 1 , four slurries had been made for study. The four slurries see table 2. The slurry 1, named S1, was the basic slurry composition from orthogonal design experiments, sees table 1. The slurry 2, named S2, was S1 without hydrogen peroxide. The slurry 3, named S3, was S1 without oxalic acid. The slurry 4, named S4, was only alumina abrasive and DI water. The experiment results using slurry 1 to slurry 4 are shown in the Fig.2 and 3, respectively. By the Fig.2 and Fig.3 , the analysis results are as follows. Fig.2 , it can be seen that the MRR is the highest polishing with slurry S1 and the MRR is the lowest polishing with slurry S4. It is showed that oxidants have very important action in the material removal process of CMP. If there is not oxidant in slurry, the MRR will be very low. And using the only one oxidant, the hydrogen peroxide or oxalic acid, the MRR is less than the maximum. So it is also showed that the oxidant of hydrogen peroxide and oxalic acid have the interaction in CMP 304 stainless steel. By Fig.3 , it is showed that it can be obtained the lowest of the surface roughness when polishing with slurry S1, but the difference of surface roughness is not much CMP using the four slurries, S1, S2, S3 and S4.
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Mechanical Engineering, Materials Science and Civil Engineering IV The influence of the content of oxalic acid on MRR and surface roughness. Based on the slurry S1, only to change the content of oxalic acid in the slurry S1, and several tests of CMP 304 stainless steel were conducted again. The experimental results are shown in Fig.4 and Fig.5 . By Fig.4 and Fig.5 , the results showed that with the decrease of the content of oxalic acid, the decrease of pH value in the polishing slurry, the MRR decreased with the decrease of the content of oxalic acid, but the changes of surface roughness are very small. Research shows that the hydrogen peroxide in weak acid and alkaline conditions shows instability and is rapid decomposed and when in strong acidic conditions of pH<3.5, the hydrogen peroxide is stable [10] . Because the oxalic acid is a strong acid, with the increase of the content of oxalic acid, it can provide a strong acidic environment to ensure the stability of the hydrogen peroxide and the hydrogen peroxide can play its role effectively. That is reason the MRR was the highest when the pH=2. The influence of the content of the hydrogen peroxide on MRR and surface roughness. Also based on the slurry S1, only to change the content of the hydrogen peroxide in the slurry S1, and several tests of CMP 304 stainless steel were conducted again. The experimental results are shown in Fig.6 and Fig.7 . By Fig.6 and Fig.7 , with the increase of the content of the hydrogen peroxide, the MRR increased gradually. When the content of the hydrogen peroxide increased a certain amount, the MRR reached a maximum value. After that, with the increase of the content of the hydrogen peroxide, the MRR decreased gradually. That is because that the hydrogen peroxide is a kind of strong oxidant, with the increase of the content of the hydrogen peroxide, the number of oxygen containing functional groups increases on the surface of stainless steel [11] and the chemical reaction can be effectively enhanced, so that the MRR increased. But when the content of hydrogen peroxide increases to a certain amount, and the hydrogen peroxide can react with the oxalic acid in polishing slurry, the reaction formula is as follows.
Which would lead to the descent of the content of the oxalic acid in polishing slurry, the pH values increased, the strong acidity of the slurry decreased, and the stability of the hydrogen peroxide becomes weak, so, the MRR decreased. But the change of the content of hydrogen peroxide has little effect on the surface roughness. 
Conclusions
The influence of different oxidants on MRR in CMP 304 stainless steel is different. The oxidant of the hydrogen peroxide and the oxalic acid has the interaction in CMP 304 stainless steel. It can be obtained the maximum MRR in CMP 304 stainless steel using slurry with appropriate content of the hydrogen peroxide and the oxalic acid. The hydrogen peroxide in weak acid and alkaline conditions shows instability. Because the oxalic acid is a strong acid, with the increase of the content of oxalic acid in polishing slurry, it can provide a strong acidic environment to ensure the stability of the hydrogen peroxide and make the hydrogen peroxide to play its role effectively.
Because the hydrogen peroxide is a kind of strong oxidant, with the increase of the content of the hydrogen peroxide, the number of oxygen containing functional groups increases on the surface of stainless steel, so, the MRR increases. When the content of the hydrogen peroxide increases to a certain amount, the hydrogen peroxide can react with the oxalic acid in polishing slurry to form water and result in the decrease of acidity in the slurry, so, the MRR decreases.
